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Electrlcar connectlcirt df optoelectronic devices 
Background 6f the invention 
Pfefd of the invention 

. The pnosent application is drrected to a method of electrical connerflon of 
optoelectronte devices such as onganic electroluminescent devicea and organic 
photovoltaic devloea and to electrically connected devices obtained accortling to this 
mathod. 

Brief descHption ^ tho prior art 

TTie past decade had seen an increasing amount of resaaiGh into the use of oisanic 
materials In optoelectronic devices, examples of such devices include qiganic 
slectroluminasoant devices, as disclosed In WO90/13148 and organtc photovoltaic 
devices, as disclosed In US5670791 . Both organic electrolumlneBcent devices and 
organic photovollaic devices are organic dicxies comprisins a layer of oiganic 
material between two electrodes. Organic electroluminescent devices emit Rght on 
the passage of a current between the two electrodes. Organic electroluminescent 
davicas hava a wide range of applications in the display industry. Organic 
photovoltaic devices generate a current between the two electrodes when light is 
incident upon the device. Otiganic photovoltaic devices are viewed as a raplacamant 
for inorganic silicon sdar cslla. Advantages associated with tha use of organic 
optoalsctronic devices include a greater flexibility in tha dasign of materials and the 
tailoring of device properHes, innproved prooassabllity and lower cost 

Jn addition to applications in the fleld.of displays, organic electroluminesoent devices 
have great potentiaHbr use in large area llghfing applications such as in panel 
lighting, emergent^ lighting and advertising. Whan developing organic 
alactrolumlnesoent devices for use In large area iighSng. in addition to tha problems 
'^i*fE«) occur in display technology, the skilled person Is presented with a range of 
further problems, in particular how to prepare a large ai^ electroluminescent Hght 
aourtia which can be operated at higher voltages, such as at mains voltage and 
whkrfi can be prepared in an afBdant manner. 
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Organic photovoltaic devices have at present been used to generate voltages of 
around such low voltages have relatively few practical applications. It Is known in 
the art to connect silicon based photovoltaic cells and dye-sensitised photovoltaic 
cells In series in order to provide a greater volatge output. A simple and efficient 
method for the series connedlon of organic photovoltaic cells would enable hfgher 
voltages to be generated and allow organic photovoltaic devices to access a wider 
range of applications. 

The present application proposes a simple and ©fflcient met twd for the preparation of 
a number of electrically connected optoelectronic devices on a single substrate. The 
method allows access to a range of applications Including a plurality of series 
connected organic electroluminescent devices on a single substrate which can be 
driven at higher voltages than a single organic electroluminescent device, to 
arrangements of oiganlc electroluminescent devices on a single substrate which can 
be driven to provide continuous light emission using an AC power source, to a 
plurality of series connected organic photovoltaic devices on a Single sub$tn^te 
providing a higher output voltage and so enabling more practical applications and to 
a plurality of organic electroluminescent devices and organic photovoltaic devices on 
a single substrata. The method of the present Invention obviates the need for 
escternal electrical connecHons between devices, simplifying processing and enabling 

a number of electrically connected devices to bo encapsulated In a single, 

hemietically sealed package. 

Summary of the Imrentlon 

in a first embodiment the present Invention provides a method of pnaparing a plurality 
of electrically connected organic optoelectronic devices on a substrate said methotj 
comprising the steps o^ 

a) preparing a plurality of organic optoelectronic devices comprising; 
i) providing a substrate* 

If) providing a patterned layer of a first conductive material over said 
substrate. 
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iif) providing layer of organic optDelBctronfc material over said layer of ' 
first conductive maten'al and 

Iv) providing a patterned layer of a second conductive material over 
said layer of origanic optoelectronic material, sard patterned layer of 
second conductive material covering regions of said layer of organic 
optoeletdronfc material, said patterned layer of a second conductive 
material defining a plurality of opbaelectronic devfoas, 

• b) at least partially removing regions of said onganic optoeledmnic materral 
which are not covered by said patterned layer of second conductive material, 

characterised in that said method further cornprises the step of 

c) prcnriding eledtrical connections to electrically cdnne&t at least two tSf said 
plural'ity of oiiganlc optoelecAQhic devices. 

Organic optoeleclnonic devices which may be prepared by the present invention 
Include organic diodes such as organic electroluminesoent devices and organic 
photovoltaic devices and also organic transiatoria, organic photoluminescent devices, 
organic phosphorescent devices, organic resistors and organic capacitors. Organic 
elsctraluminascent devioaa and organic photovoltaic devices are preferred classes of 
organic optoalectronic devices. Th& substrate Is preferably a single, unitary substrate 
el the time of carrying out the method according to the Invention. The subsbBte may 
have a composae structure, for example, comprising layers of glass and plastic, 
plastic and ceramic or oeremlo and metal. 

The first conductive material may be patterned on deposition using additive 
techniques or patterned following deposition using subtractlve techniques. Organic . 
optoalectronic materials are oiiganic materials wHh optical and/or electronic 
properties, such properties Include eiecirolumlnescence, photolumlneaoence. 
I^Drescancs, photoconductivity- and conducth/lty. 

The second conducliva material may be"pattemed on (feposiflon using additive 
techniques or patterned following deposition using subtraoth^e techniques. The 
patterned layer of second conductive material covers some regions of the organic 
optoelectronic material while leaving other regions uncovered or exposed. The 
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patterned layer of second conductive material serves to define a plurality of 
optoelectrono devices, specfficafly the organic optoeiectronte devices ar^ defined by 
the arsas of overlap of the first conductive material and the second conducUve 
material. The patterhed layer of second conductive material effectively acts as a 
mask, protecting the undeilying layer of onganfc optoelectronic material during the 
process for the removal of the exposed organic optoetectrxjnic matertal. 

Electrical connectors are deposited to provide electrical connections between organic 
optoelectronic devices on the substrate. 

Preferred methods or selectively removing said oiganlo optoeieclixjnfc material 
comprise removing said organic optoelectronic material using a method selected 
liDiTi dry etching, laser ablation, wet etching, scribing, abrasive blasting or adhesive 
lift off. Dry etching is a more preferred method, in particular dry etching using an 
oxygen plasma such as an OZ/CF4 plasma. 

In a preferred embodiment said second conductive material partially overlies said first 
conductive material, such an arrangement enables electrical connections to be more 
reacfily made between neighbouring devlosa. Where the second conductive materfal 
only partlaDy overlies the first conductive material removal of the organic 
optoerectronic material not covered by ffie second conducGve material uncovers 
regiofts of the first cctfiducBve material. The removal of organic Optoalocfrwiic 
materfai ftom r^lons of the finst conductive material enables eiectrical connection to 
be made between the first and aeoond conductive materials of different tMganIc 
opfcielectronlc devicas In an afRclant manner simply by depositing ifie connecting 
material such that H overlies the second conducinre materfai of a first d&vic& and the 
first conductive material of a second device. 

The connecting material may be deposited by thennai deposition, s-beam 
evaporation or, where a suitable conducting material is used, by printing techniques 
such as ink-jet printing or screen printing. 

In order to prepare devices in which rt is required that light enter or exit the device 
through either or both of the electrodes It is prefemed that either said first conducUve 
material and said substrata are at least aemitransparent or said second conductive 
material is at least semitransparent Where the first and second conductive materials 
are opaque light may enter or leave the device through the edge of the device. 
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Wh8^ it .s desf^d to prepare an cranio photovoltaic device It fe preferred that safd 
layar of organte OptoeJectronfc material comprises at least an organic electron donor 
andat least an organic electron acceptor Prefembly at least one of said crgaato 
electron donor and said organic electmn acceptor comprises a aemicondu«lve 
organic polymer. 

Alternatively fo prepare an organic light emitting device It is profaned that said 
organic optoetecfronte material comprises a light emitting polymer. 

In a prefanied embodiment said method further comprises the step of providing a 
layer of hole Injecting or hole transporting material over said patterned layer of fi,^ 
conductive material. 

In a further embodiment said substrate comprises a plastic substrate. Suitable 
plastics include acrylic resirte. polycart,cnate .Bsins, polyester .Bslns, polyethylene 
terephthatete resins and <vcOc olefin resir». 

The present invention is also directed to oi^anic optoelectronic devices pr^par^ 
according to the above method, in particular the present Invention Is directed to a 
plurality of etectricaily connected organic optoelectronic devices on a 
substrata obtainable according to.lhe method of the present Invention. PrBfen-ed 
optoelectronfc devices include organic pholovoltalc devices and organic 
. electroiuminescent devices. 

In a ftirther embodiment the present InvenBon is dire<^ed to a substrate 
comprising both organic photovoltaic devices and organic electroiuminescent 
devices. 

Detailed description of the Invention 
Brief description of the drdwings 

Figure 1 illustrates a method of preparation of electrically connected organic 
optDBleclmnIc devices according to the present im^entfon. 
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a method of preparins series connected organic optoeJecironto 



devicaa. 



FeuPB 3 shows a jtietfiod of preparing a device on a single subsbHte oomprisfng a 
combination of organic elaclPdunninescent devloes and oiBanic photovoltaic devices. 

Figure 4 shows a large array of eeries connected organic phofovoliate devices for 
hidh voltage appiicafior^. 

Figure 5 shows a d.c. voltage converter comprlsina a large array of series connected 
organic photovottaic devices on a single substrate and a light emitting polymer 
device. 

Deebriptlon of the preferred embodiments 

Methods suitable for the preparation of electrically connected organic optoBleclronic 
devices are described with particular reference to organic photovoltaic devices. 
Clearly such methods have appllratlon In the preparation of other electncally 
connected onganic optoelectronic devices sudi as organic electroluminescent 
devices, organic photolumlnescent devices, organic transistors, non-light-emlsslve 
organic diodes, organic capacitors and organic rsslstorB 

Rgure tf) shows a plurality of series connected organic photovoltaic devices 1 10 on 
a substrate 101. Each photovoltaic device comprises an electnxJe comprising a high 
woric function conducting material suitable tor accepting positive charge earners or 
holes from the device, known as the anode 102. a layer of organic photovoltaic 
material capable of converting incident light into electricity 103 and an electrode 
comprising a low work function material suitable for accepting negative chaige 
carriers, or electrons, from the device, known as the cathode 104. iMeighbouring 
devices are electrically connected by connectors of a suitable conducting material 



The mode of operation of organic photovoltaic devices will b© briefly described. 
Organic photovoltaic diodes comprise a layer of organic photoconductive material 
between an artode and a cathode. Organic dlstnTjuted hetenojundion devices are one 
partlculariy efRclant class of organic photovoltaic devices and operate In the following 
manner. The electrodes of different woric function set up an Internal electric field 
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across the davice. The organic lay^r c^mprfees a mixture of a material having a 
higher electron affinity and a material having a tower electron affinity. Absorption of 
W by tha materials of the onganfc iayer genaiBtes bound electron-hole pafrB 
termed excitons. Excitons generated on the material of tower electron affinity ' 
dissociate by transfer of an electron to the material of higher electron affinity the 
material of lower electron affinity fe sometimes referred to as the electron donor or 
simply donor. Excltons generated on the malBrial of higher electron affinity dissociate 
by tmnsfer of a hole to the material of lower electron affinity, the materia! of higher 

af|,r»|ty IS sometlmea .«fen«d to ae the electmn ac^^^^^ 
TTia eleotrons and holes generated by dlBaodation of the excitons then .move through 
the device, with electrons moving lo the lowerworfc function cathode and holes 
movmg to the higher work function anode, in this way light Incident on the device 
generatea a cument which may be used In an aBdsmal circuit 

The substrate 101 oftheonBanlcphotovoItaIcdevioeshouldp,ovldBmechanical 
^billty to the device and act as a bem'er to seal the device fi^m the environment 
Where rt Is desired that light enter or leave the device through the substrate the 
substrate should be transparent or semi-transparent Glass Is widely used as a 
substrate due to Its excellent bamer properties and transparency. Other suitable 
\ substrates include ceramics, as disclosed in WO02;23579 and plastics such as 

acrylic rasine. polycarbonate resins, polyester resins, polyethylene ter«phthalate 
resins and curdle oleffn rsslns. Plestio substrates may require a barrier coating to 
ensure that they remain impemieable. The substrate may comprise a composlfa 
material such as the glass and plesib composite disclosed In EP0949850. 

The anode 102 comprises a high work fUncHon material suitable for accepting holes 
into the layer of organic photovoltaic matsrlai. Suitable anode materials typically have 
e work function of g^atar than 4.3 eV and may be selected 1h,m the gn.up 
osmprlslng Indium-fin oxide (ITO). tip oxide, aluminum or Indium doped zinc oxide 
magnesium-indium oxide, cadmium tln-oxicte. gold, ailv^, nickel, palladium and ' 
^.latlnum. Conducting organic poiymers such as polyanriihe and polyihiophene and 
»r derivatives may also be used as theanode material. The anode material may be 
deposrted upon the substrate using any appropriate technique such as sputtering 
vapour deposition, prinfing. including Inkjet printing, screen printing and flexogrBphIc 
pnnhng. or spraying. The anode material may be patterned post-depos|tldn by a 
~tiva technique such as photolithography. Atemativeiy the anode material may 
oe patterned during deposition by an additive technique such as screen printing 
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F^urs la) shows a layer of anode material I02 overiying a substi^te 101. Figure lb) 
Bhowa a layer Of anod^ material 102 having been patterned by a subtraoUve 
^nlque overfying a subtle 101. the substrate Is ..posed at portions where tha 
materfal tbrming the anode has been removed. 



In order to Improve efBdency the organic photovoltate device may Include further " 
organic layers between the anode and cathode to improve oharge e)«raction and 
transport. In particular a layer of hole^ansportfng mateifal may be sftuated over the ■ 
anode. The hole-transport mat^ial serves to Increase charge conduction through the 
device. The prefen-ed hole-transporf material used In the art ie a conductive organic 
polymer such as polystyrene sulfonic acid doped polyethylene dlo,Qrthlophene 
(PEDOT:PSS) as disclosed fn WO98/05187, although other hole tranaportlng 
materials such as doped polyaniline orTPD (N.N'.diphenyl-N.N'-bls(3- 
methylphanyl)[1.r.biphenylH.4'^lamlne) may also boused. The layer of hote 
tranaportmg material may be deposited by any suitable technique auch as vapour 
deposition or, where the hole transporting material is scluble. solution processing 
techniques such as spln-ooafing, screen-printing or Ink-jet printing may be used. 

The oiganic photovoitafo material 103 pretferably comprises an electron donor and 
electron acceptor. The eteclron donor and acceptor may comprise polymers or low 
molecular weight compounds. tHe electron donor and acceptor may be present as 
IVK) separate layers, as disclosed In W09g/4g526. or as a blend, as disclosed In 
US5670791. a so called bulk hetarojunction. The electron donor and acceptor may 
be selected from perylene derivatives such as M, N'-diphenyiglyoxaRne^. 4, 9. 10- 
perylene letnacarfaoxyticacid diacidamtde. fuiierenes (Ceo), fullarene derivatives and 
fuilerene containing polymers and semiconducting organic polymere such as' 
polyfluorenes. polybenzothlazolaa. polyiriaryfamfnes, poly(Phenylenevlnylenes). 
polyphenylenes. polythlophenes. polypyrroiea. poiyaceiylenes. pojylsonaphthalenes 
and polyqulnolines, Prefsnred polymers induds MEH-PPV Cpbly<2.methaxy. 5-(2^ 
ethyDhexyloxy-p^phsnylensvinytens)). !VJEH-CN-PPV (poly (2.5-bls Cniiriiem'ethyl)-1- 
methoxy-4- (2'.ethyl-hexyloxy) benzene-co-2,5-dlaldehyde-l.methoxy4- (2'- 
ethylhexyloxy) benzene)) and CIM-PPV cyano substituted PPV, polyalkylthlophenes 
such as poly{3-hexylthiophene). POPT poly(3 (4-cctylphenyl)throphene) and poIyCS-' 
dodecylthtophene), polyfluorenes. such as poly(2,7-(9.9-dM-octylfluorene). poly(2 7- 
(9,9-dl-n^ctylfluorene)45en2othfadIazoIe) and poly(2.7^(9.9.di.n.octyIfIuorene)-(4.7- 
dl-2-thlenyl-(benzothlazole)). Typical device stiuctures include a blend of N. N'- 
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■ ^l-PPVancI a lay^r of POPT, a bta«i comprising MEH^PV and ON-PPV and a 

Tho c^lc ph«ovo«ato n,aterta, may b. d.po»lad by any «,rtab,e technique 

processing deposition technique „» to p^,^. Sutobte soWon p,ooe„,„g 
.ecl,n„„as lncl«de spin-coath,, dh«oall„fl. da<tor*lade ooatag. .p^„g JLen- 

P«temed anode 1<.2andateyerofo^anlcphotovoteto„«,teH,, 1»3 whioh has taeri 
over ,hs Buba*a,e and anode ™,ng a coa^g .echnlpu. such a. sZ 

T1» orB»,lc photo^ltalo davica n,ay Include a mrther layer of ete«^ ac»p«ng or 

and AL Th. cathode n«y oomp,t„ a„ alloy of such n„*,te or af, aBoy of such metate 

~na«o„„,*o,her„«a...^«e„,*.he«oys»,i^andL^I.Th,cI^^ 
^™b«,oompnses muwpielaye,^ .^exan^C,,^^^^^. 

™° """^^ « i> P-fSnsd to use an 

fte emmna mafanal. P,eferred cathode structorae hdude UFKMA, and 

scn« cases « n«y be dasi^d ths, ,he calhode be »ansparent «6r ■ 
a^n.*when an ope<,„e substah or anode is used or ^e,e « I. d«y«d B,a. fte 
«t«« aevics be transpaisnt. Sullable transpa,anf cathodes Inaud. a cathode 
°«wmv a thin layer of highly conductive materfal such as Ca and a thicter lavar of 
.™apa™,oo«d.c«n8 m«e«a,such as ITO. a opened B,nsps«n, oslT. 

^ oomptfse, BaPVCa/Au, The ..thoda Is typically deposited by vapour 
<lej^>ation or Sputtering, 
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FIguns Id) shovvs d substrate 101 , a patterned anode 102, a layer of organic 
photDvoftalc material 103 and a patterned cathode 104. The cathode is deposited 
over the organic photovoltaic material to form a pattern, this is typically achieved by 
depositing the cathode materia! as a vapour through a shadow mask, Alternative 
methods of patterning the cathode Include printing and photolithography. The 
patterned regions of anode and cathode material define a series of organic 
photovoltaic devices, each device comprising an anode, an opposing cathode and 
organic photovoltaic material situated between. Figure 1d) shows the cathode of 
each device partially overiying the anode of each device Le. line cathode covers a 
large portion of the anode but Is slightly offset to the anode such that at one edge of 
the device the cathode overhangs the anoda and at the other edge of the device the 
cathode does not compiateFy cover the anode, it should be noted that, being 
conductive, the organic photovoltaic material does provide some degree of electrical 
connection between neighbouring photovoltaic devices but owing to the high 
resistance of the organic photovoltaic material thfs Is not sufficient to pre>vide an 
effedfvs electrical connectfon of the devices, 

in order to efTectiveiy electrically connect the organic photovoltaic devices It is 
necessary to rBmove the organic photovoltaic material and any other organic 
materials which have baen deposited, such as hole transporBng materials, from 
regions which are not covered by the cathode material The organic photovoltaic 
material may be removed by an etching technique or a mechanical technique. During 
ttie removal of the organic optoeledronrc material the cathode effectively acts as a 
masic, defining which areas are to be removed Le. the uncovered portions of organic 
optoelectronic materFai and also protecting the organic optoelectronic material of the 
organic optoeledronrc devices from damage. 

Suitable etching techniques include wet etching wherein the exposed regions of 
oiiganic photovoltaic material are subjected to etching using a solvent in which the 
organfo maierisls are soluble^ jbr exampie toluens niay be used to remove the 
organic photovoltaic layer and methanol may be used fx> remove the PEDOT layer 
Alternatively the organic material may be removed using a more aggressive etching 
solution such as an acidic solution, provided that this solution does not damage the 
material of the cathode. The organic material may be removed using dry etching 
wherein the organic material is exceed to a gaseous or plasma etching material, 
suitable diy etching materials Include oxygen plasma. 

10 
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Mechanical techniques for removing the organic photovoltaic material Inducfe 
«^blng the organic maiBriaf with a sharp instrument, blasting tha organic material 
1 ^J^'^''^ "^^"^"^ ^'^^^^^ bombarding the organic material with Ions. 
Irfting Off creanfo material by contacting the cganic material with a shsat of adhesive 
and than Ilftfng off the sheet or removing the organic material using laser ablation. 

■me mcst efficacious methcds for rBmoval of the organic optoelectronic material have 
been found to be dry etching and laser etching. Both methods allbw the complete 
removal of exposed oiganlo optoelectronic materials whilst not exposing the organic 
cptoelecl..>nicdeyfces to potentially hamrrful solvents. A suitable dry etching method 
involves exposing the organic optoelectronb devices to an RF or mlc««««vB Induced 
CVCF4 Plasma for a period of between 30 and 360 sectinds. preferably of betwreen 
60 and 240 seconds. An advantage of CVCF4 plasma etehlng is that It efficiently 
removes both the organic optoelectronic material and additional oi^janic layers which 
are generally Included in the devices. In particular the polythrophene derivative 
PEDOT:PSS Which Is widely used as a hole transporj. material/ 

Laser ablation has also been found to be a suitable technique for the removal of the 
organic optoelectfonic material. Laser ablation Involves the use of a pubed laser 
having a pulse sneigy density of 0.4 to 1.2J/cm=. a pulse rate of 50 to iSOHz and a 
spot Size of radius 2 to 20mm. The laser and the substrata comprising the organic 
optoelectronic devices are moved in relation to each other such that the laser is 
foeussed on the areas of exposed oiganic optoeledtronlc material causing this 
material to vaporise and so renwvlng It ftom the substrate. 



Following removal of the oiganic optoeleotnonfo material from regions between the 
devrces the devices may be electrically connected by the deposition of electrical ' 
contacts between devices. Rgure 1f) shows a series of organic photovoltaic devices 
110 electrically connected by a number of aluminum contacts 106. Electrical contacts 
may be made between any devices on a substrate although generally contects are 
made between neighbouring devices. The electrical contacts may be fonnad by 
depositing an electrically conducting, material between devices." Deposition may be 
candled out using a shadow mask whereby a conducting material such as aluminum 
is deposited as a vapour on specific regions of the substrate through a patterned 



11 



20/12/2002 1&:53 



+4411223-723542 



CDT IP DEFT 





mask. Altematively a suffabfe conductor may be printed onto the substrate by a 
technique such as scraen printing or Ink-jat printing. Suitable conducting materials for 
printing include silver resin pastes, graphite resin pastes and organic conducting 
materials such as PEDOTPSS and polyaniline. 

To fiacintate liie connecstion of the arganfo optoelectronic devices it is piefeiVed that 
the cathode only partially overlies the anode. The effect of this fs that on removal of 
the organic optoelectronic material not covered by the cathode a region of anode is 
also exposed, this can be readily seen at feature 106 Rgure If). The region of 
exposed anode can then be connected to a neighbouring cathode through the 
deposition of the electrical connector 105. An advantage of this arrangement is that 
in overlapping the anode, the cathode also provides that a region of optoelectronic 
material 107 remains l)etween the cathode and the substrate. This region of organic 
optoelectronic material serves to insulate the anode of the neighbouring device from 
the connector 105. 

Theorigdnlc optoelectronic device is provided with an encapsulation means which 
acts to seal the device from the atmosphere. Suitable methods of encapsulation 
include covering the device on the cathode side with a m^l can or glass sheet or 
providing an impenmeable film over the device, such as a film oomprising a stack of 
polymer layers and Inorganic layere. 

The above embodiment is described with reference to an organic photovoitaio 
device. The method of tiie present invention may also be advantageously applied to 
the preparation of electrically connected organic electroluminescent device. Organic 
eiectroliimlnescent devices comprise, on a substrate, a high worlcflunction anode, an 
optional layer of hole transporting material, a layer of oiiganlc light emitting material 
and & cathode. Suitable materials, and methods for their deposition and patterning, 
for the substrate, anode, hole transporting layer and the cathode are as described 
above in relation to organic photovoltaic devices. 

Organic light emitting matBrials for use in organic light emitting devices include • 
polymeric light emitting materials, such as disclosed in Bernius et al Advanced 
Materials, 20<>0. 72, 1737, low molecular weight light emitting materials such 
aluminum IristjjMlnoline, as disclosed in US529486fl, light emitting dendrimers as 
disclosed in W09SI/2193S and phosphorescent materials ^ disclosed in 
WO00^0655. The tight emitting material may comprise a blend of a light emitting 
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matsrtal dnd a fluoresoent cfye of may comprise a layered structure of a light emitting 
material and a fluorescent dya. Due to their processability soluble light emitting 
materials are preferred, in partteutar soluble Hght-emit«ng polymers. Light emftHng 
polymers include polyfluorene. pofybenzothlazole, polytrlarylamrne, 
poly(phenylenevinylen©) and polythlophane, preferred light emitting polymera Include 
homopolymers and copolymers of 9.9-<ii~n-octy|fluonane (F8), N.N-bte(phenylH-seo- 
butylphenylamfna (TFB) and benzothiadlazole (BT). 

In a particularly advantageous application of the method of the present inverttfon the 
substrate comprises a flexible, Impefvlous plastic material such as an acrylic resin, a 
polycarbonate resin, a polyester resin, a polyethylene terephthalate resin or a cycHc 
olefin resrn, or a laminate comprising a plastic resiri and an impervious inorganic 
material, A device on a plastic substrate may be prepared in a so-called n^ll-to-roll or 
wdt> process whereby the organic materials afB deposited by solution deposition 
techniques such as printing or spraying. The present metfiod has the advantage that, 
where euitable materials are selected, the electric^ connectors can be deposited by 
the aforementioned solution pnocassing techniques'. 

The method of the present Invention allows access to a vari^ of arrangements of 
electrically connected organic optoelectronic devices which hitherto ooulcT only be 
obtained using complex multistep techniques or through the int^ration oTa number 
of SBp^rate units. The fblJowIng descrilies a number of arrangements of organic 
optoerectronic devices which are made readily accessible by the method of the 
present Invention. 

The series connection of photovoltaic devices alfows higher voltages to be obtained. 
Atypical organic photovoltaic cell has an open circuit voltage of around 1V. Such low 
voltages are insufficient to power even low energy demanding applications such as 
calculators and Vetches. The present invention provides a method whereby several 
organic photovoltaic cells can be connected In series on a single substrate, allowing 
^"sster voltsges to be genenitssd. tn addltfon the present invention has the advantage 
SKSSIe connected organic photovottatc cells lie on a single substrate aRowing easier 
fntegratton of the unit into electronic devices. 

Figure 2 shows a method for preparing a substrate comprising four series connected 
^iTQantC photovoltaic ceils. A substrate 201 comprising a patterned layer of ITO 202 is 
prepanad using phoioiithography. The. [TO is patterned such that it defines the areas 
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Of the four eventual photovoftafc celFs Figure 2a), A layar of hole transporting 
PEDOT:PSS is deposited over thd [TO by spfn-coatfng (not shown). A layer 
comprising a blend of poiyCS-hexylthiophene) and poly(2.7-(9.9-dl-n-octyffluorene). 
{4,7-dl.2-thtenyl-(ben20thia2:oie)) is then spfn-coated over the layer of PEDOTiPSS 
(not shown). Following deposition of the organic layers the device cathodes are 
deposited. The cathodes comprise a layer of aluminum of thickness 300nm and are 
deposited by vapour deposition through a shadow mask. Figure 2b) shows the 
pattern of the cathodes 203 deposited over the organic layers. The cathodes are 
patterned such that the cathode at least partially overhangs the anode. The organic 
layers which are not covered by Ihe cathode are then removed by exposure to an 
O2/CF4 plasma. Metef interconnects an© deposited over the cathodes to provide 
electrical connections between neighbouring devices. The pattern of the 
interconnects 204 is shown in Figure 2c), The series connected devices are finally 
encapsulated with a glass sheet placed over the cathodes of the devices and 
adhered to the substrate using a UV curing epo)qr resin. 

Figure 2d) shows a substrate 201 comprising four series connected organic 
photovoltaic devtees. The devices are comprised of an anode 20Z and a cathode 206 
with layers of organic optoelectnonic matsrtel between the two aleotrodes. The 
devices are electrically connected by tannecaors 207. Feature 208 show? 3 region of 
anode material which has been exposed by the plasma treatment and is connected 
to the cathode of a neighbouring organic photovoltaic devk:e. 

Organic elecfat>lummesDent devices generally operate at voltages In the region of 1 to 
15V. For applications fn domestic, commercial and Industrial lighting ft is preferable 
that the light source is driven from mains voltage, for e^^mpie 240\/. To drive organic 
eleotnoluminescent devices from mains voltage therefore iBquires the use of a 
transformer. The present invention provides a method for connecting a number of 
organic light emitting devices In series, these series connected devices can be driven 
a higher voltegss and do no! rsqulrs 5he use of a transformer or other voltage 
conversion means. Series connected organic electroluminescent devices may be 
prepared by the above described method for the preparation of series connected 
organic photovoltaic devices with the layer of organic photovoltaic material being 
replaced by an oiganic ©lectrolumlnescent material such as poly(9,8-df-n- 
ootylfluorene). Other anrangements of organic electroluminescent devices may also 
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deuces. The ach«nlages of such an aoBngement a,B that the organl. photovoltaic 

devroaan^ybe used todrlve the o^anroe.eouo.u™m 

source Of „,u.rn.«o„ oran lnfbr.at,or, display which «.ulres ..,^.r J.::Zn^ 

rr^Tr''' ^ ^""^ ^ « "^^^^ ^^^^ ^^^-s « 

su5s^te 301 ccprlsfn^ a pahamed layer of rro 302 actrng as an anod.. th. anode 

^pattemedtodaflnafourorganfcphofovoltelodevlcesarour^dtheedgesofthe 
subsfr^te ar^d an organic electmlumfhescent devfca at the centre of the aub^,«e A 

layer Of hole treneportlngPEDOTrPSSIsdeposlfad over the (TO by .pin-^^^^ 
shown). A layer comprising a blend of Po)y(3-he.ylthlophene) and poly(2,7-(9.9^r^ 
o^fluo,eneH4J.dl-2-thlanyK^^^^^^ 

PED0T:PSS (not shown). Following deposition of the organic layers the device 
catt,odes are deposited. The cathodes comprise a layer of aJumlnum of thiclcness 
300nm and are depoalted by vapour deposition through a shadow mask. Figure 3b) 
«howe the shape Of the cathodes 303 of the organic photovoltaic devicas which a.» 
depostted thncugh the shadow mask. The exposed or^anfc material is then removed 
by plasma etching and the organic photovoltaic devices are electrically connected 
"Sing connectors 904 having the 3hape shown in Figure 3c). in order to prepare the 
organic electroluminescent device a layer of PEDOT:PSS is deposited by spin- 
ooatmg over the substrate. A layer of the organic electroluminescent polymer 
poly(9.9.dl.n^lfluorene) is then spm-coated over the layer of PEdOT PSS a 
cathode compdslnga Snm layer of UF. a lOnm layerof Ca and a 100nm layer of Al 
rs deposited over through a ahadow mask. Figure 3d) ahows the shape of the 
cathode 305 of the organic electroluminescent device. Exposed organic material Is 
then removed by plasma etching leaving the layer of PEDOT:PSS and the layer of 
poly<9.9^I-n^|fluorene) beneath the cathode. The organic eleclroiumlnescant 
dev..^ Is then connected to the organic photovoltaic devices by means of a 
connector 306 shown in Ffeure 3e). 

Figure 3f) shows four organic photovoltaic de\rfces and an organic electroluminescent 
device connected in series on a single substrate 301. The devices comprise a 
common anode 302. layers of hole transporting material and photovoltaic material in 
the organic photovoltaic devices and a iay^r 6f hole transport material and a layer of 
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organic electroluminescent material In the onganfc efectroluminescenf device. The 
oiganie photovoltaic devices comprise cathode 303 and the organic 
etectnolumlnesoBnt device oomprisea a cathode 30$. The organic photovoltaic 
devices are connect^ in series by oonneclara 304 and the organic 
electroluminescent devices Is connected to the oiganfc photovoltaic devices by 
connector 306. 

Figure 4 shows an array of series connected organic photovoltaic devices 402 on a 
single substrate 401. The devices are eleotricaFly connected by connectois 403. Such 
an array may be used (o generate high voltages, in the example shown the array of 
14 X 14 organic photovoltaic devices, each capable of generating IV, may be used to 
generate up to 1 96V. The method of the present Invention provides an efHcfent 
process for connecting large numbers of small organic electronic devices on a single 
substrate. For ex&mph using a substrate of size 150mm' and organic photovoltaic 
devices of size 9mm^ an array of 30 jc 30 organic photovoltaic devices may be 
connected in series, generaling up to dDDV. 

Large arrays of organic photovoltaic devices have application in d.c. voltage 
converters such as that shown In Figure 5. Figure 5 shows a light emitting polymer 
device 802 on a glass substrate SOI and a large array of series connected organic 
photovoltaic devices 504 on a second glass substrate 503 (for clarity the series 
conneotore ana not shown). Light is emitted fhan the light emitting device on the 
application of a voltage of approxlnwtely 4-5V between the electrodes of the device. 
The emitted light is Incident on the organic photovoilalo devices and, as described 
above, generates a voltage of several hundreds of volts, depending on the number of 
series connecled devices In the anay. in tfiie way light may be used to convert, a low 
voltage to a much higher voltage by coupling an organic light emitting device to an 
array of series connected organic photovoltaic devices. A d.c. voltage converter ©f 
the type described may also be prepared by providing the organic light emHting 
device and the array of series connected organic photovoltaic devices on either side 
of a single substrate, thereby simplifying the stmcture of the voltage converter. 



Example 

Series connected organic photovoltaic devices 

A substrate patterned with ITO as shown In Figure 2a) was cleaned in an ultrasonic 
bath for ten minutes at 6CfiC, baked for 20mlns at 110"C and treated with UV/Ozone 
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for 90s. 10ml of an aqueous solution of PED0T:PSS (available Horn Bayer as 
Bayfron) was spin-coated onlo the substrate and the substrate was baked on a 
hofptetd to remove remaining solvent A layer of PEDOT:PSS having a thickness of 
eonm was deposited.. A solution comprising a 1:1 blend of poly(3-hexylthiophene) 
and poly<2,7-(£>.9<lhi-octyrfIuoreneK4,7-dl-2.thienyKbenzothfa20le)) at a 
concentration of 18fng/l In foluana was spln-coatad onto the layer of PEDOTrPSS. A 
layer of polymer Wend of thickness 80nm was deposited. Aluminium calhodes were 
deposited over the organic layers through a shadow mask. An initial deposition rate 
of Q.1nms-i was maintalnecf to a total thickness of approximately sOnm. after which 
the rate was ineroasad to O.Snms-l, A total cathode thickness of SOOnm was 
obtained, Flgiif© 2b) shows the pattern of the deposited cathodes. 

To remove the onganfo material from regions not covered by the cathode, the 
substrate was placed In a barrel etcher and treated for three minutes with an CycP^ 
plasma. The O2/CF4 piasma treatment was carried out In a.FlF barrel etcher of 
dimensions 300mm diameter. 450 mm depth, with a gas mbctuiB of 0.5-2% CF^ in 
oxygen, at a pressure of 1 .5 Ton- and a power of 400 W. Aluminum connector* were 
then deposited to electrically connect neighbouring devices as shown in Rgure 2d). 
The connectors were deposited through" a shadow mask to a thickness of 300nm. 

, The substrata was annealed overnight for approximately 14 houra at 140OC under 
vacuum In a glove box fUmaee. The substrate was encapsulated using a glass cover 
sifde adhered with an epoxy resin. 

The four series connected devices were bonded to a pair of electrical leads. The 
voltage generated by the Ibur series connected devices was measured to be 4V. " 

No doubt the teaching herein makes many other erribodlments of, and effective ' 
allerriatlves to. the present invention apparent to a person skilled In the art. The 
present invention ls not limited to the speclFK: embodiments described herein but 
encompasses modiflcations which would be apparent to those skilled In the art and 
lying with the spirit and scope of the attached claims. 
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Cfen'ms 

1. A method of piBpan-ng a piuraffty of efectricafry connected oiBanfc 
optoelectronic devfcas on a substrate comprising; 

a) preparing a pluialify of optoetedronlc devices comprising; • 

i) providing a substrate, 

fl) providing a patterned layer of a firet oondudive material over said 
substrate. 

Hi) providing layer of organic optoetectronic materiai over said layer of 
first conductive material and 



over 



fv) providing a patterned layer of a second conductive material ( 
said layer of organic optoelectronic material, said patterned layer of 
second conductive material covering regions of said layer of oi^anic 
optoelecfronte material, said patterned layer of a second conductive 
material defining a plurality of optoelectronic deviceis, 

b) at teaet part^ removing regions of said organic optoelectronic material 
which ar« not covered by said patterned layer of second conducive material. 

characterteed In thet said method further comprises the step of 

o) providing electrical connections to electricaliy connect at least two of said 
pluraiiV of organic optoelectronic devices. 



A method according to claim 1 wherein said step of at least partially removing 
said organic optoelectronic material comprises removing said organic 
optoelectronic material using a method selected from dry etching, laser 
ablation, wet etohing or scribing. 



IS 
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3. A mathod according to olafm 1 when^.n said step of at feast par«al,y remavfng 
said oisanlc optoelectronic material comprises amoving said oiganlc 
optoelactronte maiteiiat using dry etching. 

4. An«tf.odaccordfngtocJal^iwhe;^,nsafdsecondconduct^^^ 
parttaJly overlies said first conductive material. 

Amethodacco«llhgloclalm 1 wherein either said first conductive material 
and said substrate are at least semlfransparent or said second conductive 
material is at lea&i semiiransparenf. 

A method according to claim 1 wherein said layer of cyanic opfoelectonic 
material comprises at least an organic electron donor and at least an oiganic 
electron dccaptor. 

A method according to claim 6 wherein at least one of said cganic electron 
donor and said organic electron acceptor comprises a semloonducti;* 
organic polymer. 

A method according to claim 1 wherein said organic optoelectn:«,ic material 
comprises a light emitting polymer. 

A method according to dalm 1 further comprising the step of praviding a layer 
of hole injeoang or hole transporting material over said patterned layer of flr^t 
conductive material. 

A method aooonJIng to dalm 1 wherein said substralB comprises a plastic. 

A plurality of eledrfcally connected organic optoeiectronfc devices on a 
suljstrate obtainable aooortJing In the method of claim 1. 

A plurality of electrically connected organic optoeiectronfc devices according 
TO Claim 1.1 wherein said organic optoelectronic devices comprise oiganic 
photovoltaic devices. 



9. 



10. 
II. 

i-2. 



19 



20/12/2002 16:53 +4411223-723542 CUI IH UtJH\ 



13. A pluraltty of efectrfcalVoonrtected onganfc optoelectronic devices according 
to claim 11 wherein said onganlc optoelectronfc devfees comprise oiganic 
electroluminescent devices. 

14. A plurality of electricairy connected organic optoelectronrc devices according 
to claim 11 wherein said organic optoefectronlc devices comprise organic 
photovoltaic devices and organic electroluminescent devices. 
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